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DUH DQDO\VHG FXUUHQW DQG IXWXUH *+* HPLVVLRQV DQG WKHLU PLWLJDWLRQ XS WR 
UHVRXUFHXVHDQGPDWHULDOIORZVDQGYXOQHUDELOLW\WRFOLPDWHFKDQJH7KHLQGXVWULDOFLW\RI
:X[LKDVEHHQWKH&KLQHVHSLORWFLW\RIWKHSURMHFW7RHVWDEOLVKWKHSDWKZD\IRUDORZ
















/RZ FDUERQ IXWXUH FLWLHV*+* LQYHQWRU\ /RZ FDUERQ FLW\ VWUDWHJLHV&KLQD:X[L /RZ
FDUERQVFHQDULR/RZFDUERQWHFKQRORJLHV0LWLJDWLRQ
,1752'8&7,21
8UEDQL]DWLRQ DQG FOLPDWH FKDQJH DUH DPRQJVW WKH JUHDWHVW FKDOOHQJHV RI WKH VW
FHQWXU\DQGXUEDQDUHDV DUHNH\VRXUFHVRIJOREDO*+*HPLVVLRQVZLWKDQHVWLPDWHG
VKDUHRIWR>@&LWLHVDUHDOVRYHU\OLNHO\WRIDFHWKHLPSDFWVRIFOLPDWHFKDQJH




LQ WKUHH GLPHQVLRQV  EHVLGHV*+* HPLVVLRQV DQG WKHLUPLWLJDWLRQ UHVRXUFH XVH DQG
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ZHOO DV H[WUDSRODWLQJ WKHPRVW OLNHO\ UHVXOWDQW GHYHORSPHQW SDWKZD\XS WR ZLWK
UHJDUGWR*+*HPLVVLRQVHQHUJ\GHPDQGFOLPDWHLPSDFWVDQGUHVRXUFHXVH>@
'XULQJWKLVLQLWLDOSKDVHLWEHFDPHDSSDUHQWWKDWLQRUGHUWRHIIHFWLYHO\WDFNOHDOOWKH
SUREOHP GLPHQVLRQV LQ WKH IXWXUH IXUWKHU HIIRUWV ZRXOG EH UHTXLUHG VXFK DV WKH














WKH UHVXOWVFDQHIIHFWLYHO\ FRQWULEXWH WR WKHGHYHORSPHQWRI WKH LQWHJUDWHG ORZFDUERQ












&KLQHVH SLORW FLW\ SURMHFW7KH OHVVRQV OHDUQHG IURP WKH SURMHFW VWXG\ FDQ EH XVHG WR
DQDO\VH WKH VLWXDWLRQV LQ RWKHU VLPLODU &KLQHVH LQGXVWULDO FLWLHV (VSHFLDOO\ DV IRUPHU
VWXGLHVRUORZFDUERQLQLWLDWLYHVIRFXVRQ&KLQD¶VPHJDFLWLHV
0(7+2'2/2*<
7KH DQDO\VLV RI WKH VWDWXV TXR DQG WUHQG DVVHVVPHQW DV ZHOO DV WKH VFHQDULR
GHYHORSPHQW IRU :X[L ZDV GLYLGHG LQWR GLIIHUHQW ZRUNLQJ DUHDV HDFK DSSO\LQJ D
GLIIHUHQWW\SHRIPHWKRGRORJ\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2YHU WKH ODVW GHFDGHV PXFK HPSKDVLV KDV EHHQ SXW RQ WKH GHYHORSPHQW DQG










































Journal of Sustainable Development of Energy, Water  
and Environment Systems 
Year 2015 









WKDW WKHVHYDULDQFHVFRXOGDFFRXQW IRUDGLIIHUHQFHRIXS WRELOOLRQ WRQQHVRI&2
HPLVVLRQV IRU  EHWZHHQ WKH GDWDVHWV IRU WKH VDPH DUHD > @ ZKLFK LV D
























RQHFRUHPRGHODQG ILYH VXEPRGHOV7KHFRUHPRGHO LV DQHQHUJ\V\VWHPVLPXODWLRQ
PRGHODQGKDVEHHQGHYHORSHGE\WKH:XSSHUWDO,QVWLWXWH:,7KHPRGHO¶VGDWDEDVHLV
OLQNHG WR WKH VXEPRGHOV RI LQGXVWU\ FRPPHUFH KRXVHKROGV WUDQVSRUW DQG HQHUJ\
VXSSO\7KH\KDYHEHHQGHYHORSHGDVGLVDJJUHJDWHGWHFKQRORJ\EDVHGVLPXODWLRQPRGHOV
WRDFFRXQW IRU WKHXVHRI/RZ&DUERQ /& WHFKQRORJLHV7KHPRGHOOLQJDSSURDFK LV
WKHUHIRUHEDVLFDOO\ERWWRPXSZLWKRXWH[SOLFLWHFRQRPLFRSWLPL]DWLRQ,QWKH&36GDWD
RQ LQGXVWU\ HQHUJ\ XVH DQG HFRQRPLF DFWLYLW\ ZDV SURYLGHG E\ DQ HFRQRPHWULF
SURMHFWLRQ ZKHUHDV WKH PRGHOOLQJ LQ WKH (/&6 LV PXFK PRUH GLIIHUHQWLDWHG
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LQGXVWULDO FHQWUH IRU HQHUJ\LQWHQVLYH SURGXFWV :KHUHDV :X[L¶V VKDUH LQ &KLQD¶V
SRSXODWLRQLVRQO\WRGD\RI&KLQD¶VFUXGHVWHHOSURGXFWLRQLVFRQFHQWUDWHGLQ
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2XWSXW>POQW@ &KLQD :X[L 6KDUH:X[L>@
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3DSHU 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7DEOH  VKRZV IURP ZKLFK \HDU RQ ORZ FDUERQ WHFKQRORJLHV SKDVH LQ :X[L¶V
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ORFDO WHFKQRORJ\ H[SHUWV ZKR FRPPHQWHG RQ WKH UHOHYDQFH DQG DSSOLFDELOLW\ RI WKH
WHFKQRORJLHVLQ:X[L
7KH(/&6FDQWKXVEHFKDUDFWHUL]HGDVDQH[SORUDWLYHVFHQDULRUDWKHUWKDQDWDUJHW
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LVVXHG *XLGHOLQHV RQ 3URYLQFLDO*UHHQKRXVH*DV (PLVVLRQ ,QYHQWRU\ 7ULDO ZKLFK
QRZVHUYHVDVDEDVLVIRUGHYHORSLQJFLW\LQYHQWRULHV>@7KHVHJXLGHOLQHVDUHEDVHGRQ
ERWKWKH,3&&*XLGHOLQHVZKLFKZHUHXVHGLQWKLVVWXG\DQGRQH[SHULHQFHVRILQYHQWRU\
GHYHORSPHQW LQ &KLQD LQ  >@ $SSURDFKHV WR FLW\ VSHFLILF LQYHQWRU\
PHWKRGRORJLHVDOVRVXLWDEOHIRUHPHUJLQJDQGGHYHORSLQJFRXQWULHVKDYHUHFHQWO\EHHQ
GHYHORSHGHJE\:5,>@0RUHRYHUWKH:RUOG5HVRXUFHV,QVWLWXWHWRJHWKHUZLWK
VHYHUDO RWKHU RUJDQL]DWLRQV GHYHORSHG WKH*+*$FFRXQWLQJ 7RRO IRU &KLQHVH&LWLHV
SLORWWRH[SORUHPHWKRGVRIPHDVXULQJ*+*HPLVVLRQVLQ&KLQHVHFLWLHV7KHWRRO






LGHQWLILHG WDNLQJ LQWR DFFRXQW WKHLU UHOHYDQFH IRU UHJLRQDO SROLFLHV YXOQHUDELOLW\ WR
FOLPDWH FKDQJH DQG SDVW DQG IXWXUH WUHQGV 7KH UHOHYDQFH RI WKH VHOHFWHG HPLVVLRQ
VHFWRUVWKHLUFXUUHQW&2&+DQG12HPLVVLRQVDVZHOODVWKHTXDOLW\RIDYDLODEOHGDWD
DQGFDOFXODWLRQPHWKRGRORJ\DUHSUHVHQWHGLQ7DEOH
,Q DGGLWLRQ WR WKH GRPLQDQW SRZHU DQG KHDW VHFWRUV PRVW RI WKH NH\ VHFWRUV DUH
LQGXVWU\ VHFWRUV VXFK DV WKH LURQ DQG VWHHO LQGXVWU\ FKHPLFDO LQGXVWU\ QRQPHWDOOLF



















WR WKH SURGXFWLRQ RI VWHHO ZLWK FRDO LQ FRPELQDWLRQZLWK FDUERQ FDSWXUH DQG VWRUDJH
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&2 HPLVVLRQV LQ WKH (/&6ZLOO EH VLJQLILFDQWO\ ORZHU WKDQ LQ WKH &36 GXH WR WKH

















 WRQQHV &2 SHU FDSLWD  SHUPDQHQW SRSXODWLRQ DFFRUGLQJ WR FHQVXV GDWD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,IZH WDNH WKH(/&6DVVXPSWLRQV IRU:X[LDVDEHQFKPDUNIRU&KLQD&KLQDZLOO
UHDFKDQHPLVVLRQOHYHORIWRQQHVSHUFDSLWDZKLFKLVVWLOODERYHWKHOHYHOQHFHVVDU\WR
FRPSO\ ZLWK WKH  GHJUHH WDUJHW IROORZLQJ H[SHUW DQDO\VHV 7KH *HUPDQ $GYLVRU\
&RXQFLO RQ*OREDO&KDQJH >@ DVVHUWV WKDW LQGXVWULDO DQG HPHUJLQJ FRXQWULHV VKRXOG
DFKLHYHDERXWRQHWRQQHRI&2SHUFDSLWDE\7RUHGXFH&2HPLVVLRQVIXUWKHU




UHVWULFWLRQV ODFN RI GHWDLOHG GDWD LQ FHUWDLQ VHFWRUV DQG XQFHUWDLQWLHV LQ WKH VFHQDULR


















2YHUDOO LW LV FOHDU IURP WKH PRGHOOLQJ WKDW LW ZRXOG EH GLIILFXOW WR LQLWLDWH DQG
LPSOHPHQW D FDUERQ QHXWUDO VWUDWHJ\ DW ORFDO OHYHO LQ LVRODWLRQ:X[L LV DQ LQGXVWULDO
&KLQHVHFLW\WKDWLVH[SRUWRULHQWHGDQGDQVZHULQJWKHJOREDOGHPDQGIRUSURGXFWV7KH
GRPLQDQWHQHUJ\DQGHPLVVLRQVRXUFHLQ&KLQDLVFRDODQGRQHFLW\DORQHFDQQRWHDVLO\
UHGXFHRU HYHQVWHSRXWRI LWVXVH+RZHYHU WKLV LVQRWDSUREOHPXQLTXH WR:X[LRU





7KH SURMHFW FRQVRUWLXP FRQVLVWV RI ILYH &KLQHVH DQG WZR *HUPDQ SDUWQHU
RUJDQL]DWLRQVDQGFRRSHUDWHVFORVHO\ZLWKWKHFLW\JRYHUQPHQWVRIWKHWZRUHJLRQV:X[L
DQG'VVHOGRUI7KHVWXG\LVVXSSRUWHGE\WKH*HUPDQRUJDQL]DWLRQ6WLIWXQJ0HUFDWRU
7KH DXWKRUVZRXOG OLNH WR WKDQN$QGUHDV2EHUKHLWPDQQ IURP&KLQD (QYLURQPHQW
5HVHDUFK&(5DVZHOODV:DQJ+DRSLQJDQG:DQJ&DQIURPWKH5HVHDUFK&HQWUHIRU
,QWHUQDWLRQDO (QYLURQPHQWDO 3ROLF\ 5&,(3 DW 7VLQJKXD 8QLYHUVLW\ IRU WKHLU




KHOSIXO LQIRUPDWLRQ 6XL <LQJ\LQJ DQG RWKHUV IURP WKH :X[L /RZ &DUERQ &HQWHU
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$GPLQLVWUDWLRQ &0$ 1DWLRQDO &OLPDWH &HQWUH 1&& 1HLO &ROH DQG 6HEDVWLDQ









 8QLWHG1DWLRQV+XPDQ6HWWOHPHQWV3URJUDPPH&LWLHV DQG&OLPDWH&KDQJH *OREDO
5HSRUW RQ +XPDQ 6HWWOHPHQWV  81+DELWDW  [YLLL   SS /RQGRQ
(DUWKVFDQ5RXWOHGJH
 9DOOHQWLQ'HWDO6SHFLILFDWLRQRIWKH3LORW6WXGLHVDQG0HWKRGRORJLFDO)UDPHZRUN
6FRSLQJ 3DSHU  :3 /RZ &DUERQ )XWXUH &LWLHV 3URMHFW :XSSHUWDO 
KWWSZZZORZFDUERQIXWXUHQHW>$FFHVVHG6HPSWHPEHU@
 'LHQVW&HWDO:35HSRUW,QWHJUDWHG6WDWXV4XRDQG7UHQGVDVVHVVPHQWLQ:X[L
2YHUYLHZ RI :3 UHVXOWV /RZ &DUERQ )XWXUH &LWLHV 5HSRUW :XSSHUWDO 
KWWSZZZORZFDUERQIXWXUHQHW>$FFHVVHG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 'LHQVW&6FKQHLGHU&;LD&6DXUDW0)LVFKHU79DOOHQWLQ'2Q7UDFNWR
EHFRPH D /RZ &DUERQ )XWXUH &LW\" )LUVW )LQGLQJV IURP WKH 3LORW &LW\ RI :X[L
6XVWDLQDELOLW\9RO1RSShttp://dx.doi.org/10.3390/su5083224
 9HQMDNRE-DQG6FKQHLGHU&,QWHJUDWHG&LW\6WUDWHJ\IRU&2(PLVVLRQ5HGXFWLRQ





& &RQFHSWV DQG0HWKRGRORJLHV IRU0HDVXULQJ WKH 6XVWDLQDELOLW\ RI &LWLHV $QQXDO
5HYLHZ RI(QYLURQPHQW DQG5HVRXUFHV9RO  LQ SUHVV9ROXPHSXEOLFDWLRQ GDWH
1RYHPEHU
:DQJ+HWDO0LWLJDWLQJ*UHHQKRXVH*DV(PLVVLRQVIURP&KLQD¶V&LWLHV&DVH6WXG\
RI 6X]KRX (QHUJ\ 3ROLF\ 9RO  SS 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 &DL%=KDQJ/8UEDQ&2HPLVVLRQVLQ&KLQD6SDWLDO%RXQGDU\DQG3HUIRUPDQFH
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http://dx.doi.org/10.1016/j.enpol.2013.10.072
,3&& ,QWHUJRYHUQPHQWDO 3DQHO RQ &OLPDWH &KDQJH ,3&& *XLGHOLQHV IRU 1DWLRQDO
*UHHQKRXVH*DV,QYHQWRULHV9ROXPH-DSDQ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/DQGHVKDXSWVWDGW 'VVHOGRUI HG 7HFKQRORJLHPDWUL[ 'HXWVFKODQG
7HFKQRORJLHRSWLRQHQ IU NOLPDYHUWUlJOLFKH *URVWlGWH  5HSRUW IXQGHG E\ WKH
*HUPDQ )HGHUDO 0LQLVWU\ RI (QYLURQPHQW DQG WKH &LW\ RI 'VVHOGRUI 'VVHOGRUI
-DQXDU\
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